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abstract 


-’evil - Alien O) “^.yTorT^ 
critical casks and the effects of di. p y A £ displays for aap a- 

tioo. This paper investigates c he efreets o ann 8^ ef j ect , of 
rated instruments, separated versus . scale for handling 

secondary loading. In addition an 

qualities is established analogous to the Cooper Harper a a* 
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,« and McDonnell (4,5,6»7) d^relop* . "critic^* tracking for ««/ 


roseareh relefd to the operator- effoctlv. delay tfe. The e»to 
paced single e*i. critical fak vch^fticn yield, consistent, reliable and 
V..V low variance me.sur.aant. of th. critical unU instil lity. 

ssd Maher (10) inwstiget* the d^redetion of hewn oporator p^rchowtor P«r- 
caanco and human information procaaaing duo to aoooss*ary Leading end environ 
Bsntal stresses of hoet end noise. Swisher, Bothk. end Cook (11) etudi«l the 
oporator performance of critical tracking task duo to inffitfnt display. 

», Mien A Jew*! (3) h*ve worked on ■*»! axis critic^ f* — *— 

investigated different symbol format, and different control .tick, (force .tick 
and . softly-sprung finger control stick) . The earn, autopacin, principle end 
p„.»efr. a. used for th. single-axis critical inability f*. were -«). 

tU, paper invetlgef. further the dual ft. critical teek for variation, 
of number of control, and display, and aleo investigate, the etc. aeneitivicy 
of critical tracking tasks for secondary loading. 



METHOD 


Si* male =olleg. atudonf vr. used a. All the aubjocf roporfd 

20/20 (un) corrected vision end freed* fro. auditory and p.ych«»ofr dofici^ioa. 
Subject age ranged fro. 20 to 23 year, of age. 





Apparatus 


Figure 1 shows the block diagram and Figure 2 shows the analog mechanisa- 
tion of the no input dual axis critical task using two BAI-TR-20 10-volt analog 
computers in a slaved configuration. The displays used were two Hewlett Packard 
122 A scopes set at 0.366 cm/volt sensitivity. The control sticks were identi- 
cal u.s.A.F. type number C-l Formation Sticks with ♦ 10.0 volt output. The 
stick was calibrated for a sensitivity of 4.16 volts/Hewton. The C-l formation 
stick was cascaded with a 0.58 potentiometer to make it compatible to the con- 
trol stick used by Jex. The resulting stick system had a sensitivity of 2.413 
volta/Nevton. 


A repeated Latin-Square design was used to assign the order of presenta- 
tion for the different conditions (Table I) . 

The distance between the centers of the two displays was 10". The dis- 
plays were at a height of 40“ from the floor and 84" away from the subject. 

The di&tance between the controls was 20". The displays are listed in Table ZZ. 

Each subject was briefed concerning the experiment and his task prior 
to training. The subject was first given one set of telephone test (24 trials) . 
The subject was then given Z trials of the test task for training, followed by 
3 trials of tracking alone, 6 trials of tracking and telephone and 3 trials of 
tracking alone for each of the eight conditions. The telephone test alone was 
given only once. 
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TABU Z 


ORDER PRESENTATION OF EXPERIMENTAL COtBITZONS 



You will be given either a line or a point display on one or two oscillo- 
scopes. You are also given one or two joystick controls. For each trial, the 
display is brought to the center by the experimenter. You are told "Reedy, go", 
and then the display will tend to get away from the center. Your primary task 
is to keep the display on the oscilloscope centered for as long ss possibls by 
manipulating tbs joystick motion forward and backward, Or sideward, depending 
on the display motion. When you lose control of the display the trial ie com- 
pleted. The duration for which you hold the display within the range is the 
criterion. 

For some trials you will be given a telephone test sim u lta ne ously with 
the tracking task. You are asked to listen to s series of messages which ere 
logical statements • Tbs letters used are £, £, R and £ and the words used are 



Feedback 


































TABLE II 


Tracking Display Commons 


OOfCITIOM 1 

ee 

t t 

CONDITION 2 

®e 

CONDITION 3 

e© 

CONDITION H 

0© 
<— > > 

CONDITION 5 

®*P 

CCfDITICN 6 

oo 
$ $ 

CONDITiaJ 7 

1 

o, 

CONDITION 8 

o 


Display 


Stick Notion 
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Critical Divergence frequency (Lambda. X) 


"precede*'* and "follow*" . Note that the order in which the letters com in the 
alphabet ii of no imp ortance in this test. We are concerned only with their 
order in the statement. Your task is to listen carefully to each statement and 
decide promptly whether it is right (yes) or wrong (no) , then call out your de- 
cision. Provide an arswer for each statement, even if you doubt it. Are there 
any questions? 

Secondary Te»k 

Tb secondary cognitive test used was a modification of the Baddeley 
Telephone Test reported by Guignard (12) ♦ The subject listens to a series 
of purportedly logical statements, some of which are in fact logically ab- 
surd. The tesk was p*ced at one statement every 5 seconds and the number 

of errors were scored. Omissions of answers considered as errors. 

The tracking performance measurer recorded for each tracking run were 
T t total run time). X (critical divergence frequency) , and t 8 (time of rate 
shift on autopaced task) . These voltages were read on a Fluke 8000 A Digital 
Multimeter . 

RESULTS 

The descriptive statistics are presented in an Integrated tabular and 
graphic form. The graphs show the mean and the standard deviation of scores . 
The tables, located below the graphs, present numerical values of mean and 


The critical divergence frequency X la defined ae that divergence fre- 
quency when the subject loaea control. The results shown In Figure 3 Indi- 
cate that the mean X did not vary much and tha largest variability was 
observed In condition 6 (both tracking alone and combined). All but con- 
dition 1 showed a degradation In parformanca with tha secondary test added. 

Total Tracking Time (T) 

The total tracking time (T) la defined as tha time from the onset of 
tracking until one of the errors exceeds the display. The results are 
showr in Figure 4. The highest cracking times were recorded in condition 
6 with no telephone test. This condition also had tha highest variability. 
All conditions showed a degradation In performance with the secondary test 
addad (except condition 1 and 2). 

Rate Switching Time (t # ) 

Switching Lise t # , represented the time from the oaeet of a trial 
ucti*. the iratantueous absolute system error reached the leva l at Which 
tha Instability rate switched from high to low rate. Group performance 
ae defined by the switching tine score Is shown In Figure 5. Condition 3 
4 and 6 yielded high scores but condition 6 had the highest variability. 
Secondary loading caused a degradation la performance for all conditions 
except condition 1 and 2. 


standard deviation. 



Critical Frequency A (Radians/sec) 



Mean_Tracking Alone 1.5C0 1.5*0 1.579 1.577 1.562 1.616 1.552 1.578 

Combined 1.544 1.552 1.54S 1.560 1.540 1.601 1.535 1.534 

St Dev. 

"Tracking Alone .03217 0.04941 .07919 .04838 .07908 .13911 .04141 .09402 

Combined .1035 .04805 .04t-95 .08111 .10402 .11438 ,03391 .05366 

N 36 36 36 36 36 36 36 36 

Figure 3. Critical frequency tot tracking with and without secondary loading 
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Time T in Seconds 





Mean Tracking 


Alone 

4.09 

3.98 

5.35 

5.3 

4.74 

6.97 

3.93 

5.47 

Combined 

3.91 

4.02 

3.80 

4.48 

4.03 

6.30 

3.26 

3.52 

-*v. Tracking 
Alone 1.388 

2.0316 

3.433 

2.9305 

2.8361 

5.944 

0.8597 

3.555 

Combined 

2.222 

2.1363 

1.8633 

3.475 

3.736 

4 .8861 

1.3962 

2.567 

N 

36 

36 

36 

36 

36 

36 

36 

36 


Figure 4. Total tine for t • <ing with and without aecondary loading 
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I « 


Conditions 

1 

2 

3 

Mean Tracking 

0.8083 

0.8639 

1.233 

Combined 

0.8305 

1.008 

0.8472 

Std. Dev. Tracking 

0.3236 

0.4564 

0.9011 

Combined 

0.5333 

0.9528 

0.5028 


4 

5 

6 

7 

8 

1.3028 

1.0194 

0.9583 

0.7972 

1.2139 

1.1 

0.6417 

0.4170 

1.022 

0.6772 

0.7644 

0.8556 

0.6806 

0.6722 

1.1208 

1.0694 

0.5117 

0.2555 

0.9 

0.4902 


Pigure 5. Rate Switching Time for Tracking With and Without Secondary Loading 
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1 

2 

3 

4 

CONDITIONS 

5 

6 

7 

8 

Mean (percent) 

.825 

.880 

.883 

.890 

,878 

.888 

.895 

.866 

Std.Dev. (percent) 

.042 

.032 

.021 

.049 

.026 

.042 

.017 

*016 


Correct /Total 


Figure 6. Correct Responses (percent) on Telephone Test 



TABLE XII 


number op times an operator lost a particular display pxrst 


CONDITIONS 



1 

2 

3 

4 

5 

6 

7 

8 

LEFT 

Trackxng Alone 

24 

25 

26 

25 

24 

22 

24 

21 

Tracking Combined 

24 

22 

24 

25 

23 

23 

25 

22 

RIGHT 

Tracking Alone 

12 

11 

10 

11 

12 

14 

12 

15 

Tracking Combined 

12 

14 

12 

11 

13 

13 

11 

14 

K 

36 

36 

36 

36 

36 

36 

36 

36 
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TABLE IV 

PERFORMANCE RATING SHEET 


Please Indicate by circling your choice rating In the scale 1 through 7, as to the ease of operation. 
Number 1 indicates "least comfortable" and number 7 Indicates "most comfortable". 


1. Two Controls, Two Displays (line) In vertical direction, Two Oscilloscopes 


2 . " 

3. ” 

4 . " 

5. One 

6. T wo 

7. One 


it ti 


(Dot) " " " " " 

(line) " horizontal " ■ " 

(line) at right angles to each other Two Oscilloscopes 

(line) at right angles to each other " " 

(dot) One Oscli ■ scope 

(dot) One Oscilloscope 


12 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 


Dates 




A performance racing acale (Table IV) was given to Che subjects Co 
Indicate chair preference of each condition on a "one 1 * Co "seven" acale 
vlth "one” Indicating Che leaat ^onf or Cable and "seven" indicating eha 
moat c oaf or table. Tabla V shows the mean acorea for aacb condition. 

Condi cions 1 end 6 were raced bear end the Coeel tracking else for con- 
dition 6 agues with this result. The total tracking time for condition 
3 was the leaat and the subjects rated condition 6 ae the moot uncomfort- 
able. Conditions 2 and 3 were rated low bacauee the anthropometric mot loos 
Involved in moving the sticks were perpendicular to each other. 


toss of Display 


All che subjects used were right handed. It was noted (Taole III) that 
the display controlled by che left hand was lost first in approx tastily an 
order of 2 to 1 compered to the display controlled by the right head. 


Telephone Test 


Plgure 6 shows the subject consistently paid attention to the secondary 
loading. The mean correct response to che telephone teat In all conditions 
did not vary ouch In Its range. The largest variability In mean correct re- 
sponse, occurred In conditions 1, 4, end 6, in which the direction of motion 
of the two displays was the seme. 


TABU V 


SUBJECTIVE RATING OP TRACKXKC CONDITIONS 


Condition 

Individual Ratings 

Naan Rating 

1 

7 » 6* 5, 7, 6 

6.1687 

2 

2, 4, 1, 4, 3, 4 

2.6333 

3 

2, 4, 1, 2, 3, 3 

2.5 

4 

4, 3, 3, 4» 3, 4 

3.5 

S 

3, 3» 3» 7, 3, 1 

3.3333 

6 

8* 7* 6 $ 7| 5, 6 

6.1667 

7 

3, 2, 3, 4, 2| 3 

2. 8333 

8 

1 3# 3» 3* I* 2, 1 

2.1667 


2 ??- 



CONCLUSIONS 


« critical divergence frequency (lambda X) waa not affected by 
u*ry loading. The secondary loading produced a degraded per for- 
c in total tracking time and also In rata svitchlng time (except 
n condition 2) for all conditions. A large variability wee noticed 
In condition ft which nay be due to the fact that this condition wee 
rated to be the moat comfortable one. The subject# shoved a preference 
to the lot display with tbs display moving in the vertical axle* The 
subjects snowed a high correction percentage in the telephone teat shov- 
ing chat they were well motivated for the task. 


RECOMMENDATIONS 

The results of thim research support that Jex'e critical task can be 
used In evaluation of operator's performance measures In dual-axle critical 
tracking task. In experiments of thfcs type, it Ns recommended chat a m.*ed 
hand dominant population ba used because as exemplified la Sle research 
ths left display was lost in s 2 to 1 rstlo compered to the right display* 
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